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Introduction: Geographic setting, Pleistocene
record, and hiatuses
The Central Balkans is a low to medium high moun-
tainous region on the southern margin of the Pannonian
Plain (Fig. 1). It is situated between two mountain belts,
the Dinarids and the Carpatho–Balkanids. The dominant
feature of the region is the Morava River, flowing from
its sources in the south to unite with the Danube in the
northeast, its valley connecting rather than separating
the East and the West. In Macedonia, it almost meets
the Vardar River with its tributaries, flowing south into
Greece. The sharp contrast between the continental cli-
mate of the Pannonian Plain in the north and the Medi-
terranean climate in the south becomes here gradually
less pronounced.
The records of the Pleistocene horses in the Central
Balkans is not complete. There are long hiatuses not do-
cumented by known deposits or fossils, nor, probably,
are all the members of the genus Equus once present in
the area represented by finds. The Pliocene, the age of
the dispersal of Equus’ in Eurasia (LINDSAY et al., 1980),
is represented by a find of Leptobos sp. from ^ortanov-
ci (DIMITRIJEVI] & KNE@EVI], 1996), by finds of Anan-
cus arvernensis (CROIZET & JOUBERT) from Beo~in,
Sremski Karlovci, and Banovo Brdo (Belgrade) (PA-
VLOVI] et al., 1976; PETRONIJEVI], 1951, 1952), and of
Zygolophodon borsoni HAYS from Humka and Ka-
mendol (PETRONIJEVI], 1970), attributed either to Mid-
dle or Upper Pliocene. There are no finds of horses.
Two other major stratigraphic stages, Lower and
Middle Pleistocene, are poorly represented by fossils.
Pleistocene horses (genus Equus) in the central Balkans
ANN FORSTEN† & VESNA DIMITRIJEVI]1
Abstract. A review of the fossil horses of the genus Equus from the central Balkans, a mountainous area com-
prising Serbia and Montenegro, is presented in this paper. The time period covered by the finds is from the late
Early to and including the Late Pleistocene, but the record is not complete: the dated finds are Late Pleistocene
in age, while Early and Middle Pleistocene are poorly represented. The horses found resemble those from neigh-
bouring countries from the same time period, probably showing the importance of river valleys as migration routes.
The Morava River valley runs in a roughly south-to-north direction, connecting, via the Danube and Tisa River
valleys, the Hungarian Pannonian Plain in the north with northern Greece in the south, via the Vardar River val-
ley in Macedonia. In Pleistocene, large mammals, including horses, probably used this route for dispersal.
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Abstrakt. U radu su prikazani fosilni ostaci kowa, razli~itih vrsta roda Equus, koji poti~u iz pla-
ninske oblasti centralnog Balkana, odnosno teritorija dana{we Srbije i Crne Gore. Starost prika-
zanih ostataka pokriva period od kraja starijeg pleistocena do kraja pleistocena. Brojni ostaci poti~u
iz gorweg pleistocena, dok su nalazi iz sredweg i doweg pleistocena retki. Nalazi kowa sli~ni su nalaz-
ima iz istog perioda susednih oblasti, {to verovatno ukazuje na zna~aj dolina reka kao migracionih
puteva. Dolina Morave pru`a se pribli`no u pravcu sever–jug, i povezuje Panonsku niziju na severu,
preko dolina Dunava i Tise, i ju`ni deo Balkanskog poluostrva, preko doline Vardara u Makedoniji. Ovo
je u pleistocenu bio jedan od va`nih migracionih puteva za krupne sisare, ukqu~uju}i i kowe.
Kqu~ne re~i: fosilni ostaci kowa, Equus, pleistocen, Balkansko poluostrvo.
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broid) horses by caballoid or true horses, elsewhere
locally documented by the sympatry of these two groups,
is not known here. There is a single find of typical
stenonid horses, dated to the latest Early or earliest
Middle Pleistocene, but the rest are all true caballoids.
The presence of E. hydruntinus REGALIA characterizes
the Late Pleistocene. The known finds of fossil horses
in the Central Balkans are Late Pleistocene in age,
either stray finds in loess or alluvia, or material collect-
ed during archaeological excavations in caves or rock
shelters; more recently palaeontological excavations have
been done. The finds have mainly been dated on the
basis of archaeological or faunal evidence; we have been
able to get some finds radiometrically dated, thanks to
the courtesy of HÖGNE JUNGNER of the Dating Labo-
ratory, Helsinki University.
The earliest stage: stenonid horses
Stenonid horses in the Central Balkans are first
mentioned in a paper on loess plateaux and sands in
Vojvodina (MILOJEVI], 1950). The paper briefly reports
on a lower molar, identified by Vladimir Laskarev as
Equus sp. aff. stenonis COCCHI, from the south–west-
ern Banat loess plateau. The tooth had not been relo-
cated.
Trlica
Stenonid horses are represented from a single local-
ity, i. e.  Trlica in northern Montenegro (Fig. 1B: 11).
The rarity of Lower and Middle Pleistocene deposits in
the studied area makes this find unique.
Trlica is a hill composed of Triassic limestone situat-
ed north of the city of Pljevlja. A karstic cavern formed
in the limestone and filled in with clastic deposits was
accidently revealed during construction of the road Pljev-
lja–Bjelo Polje, in the early 1960’s. The deposits, con-
taining mammalian bones and teeth, were excavated du-
ring two short field campaigns in 1988 and 1990 (DIMI-
TRIJEVI], 1990), and more recently, in 2001.
There are carnivore teeth marks on some of the bo-
nes, but not to such an extent that the sample could be
regarded as an accumulation in a hyena den. Neither,
probably, was it a natural trap, since no complete skele-
tons or articulated parts of skeletons have been found.
The bones are mostly fragmentary, but not markedly
worn by water transportation. The bones and teeth were
probably scattered in the near vicinity of the locality
and were brought into the cavern after a short transport
by water and/or gravitation. 
The following species have been identified: Dolomys
dalmatinus KORMOS, Hystrix sp., ?Canis sp., Ursus sp.,
Pachycrocuta brevirostris (AYMARD), Elephantidae indet.,
Stephanorhinus cf. hundsheimensis (TOULA), Equus ste-
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Fig. 1. Geographical position of the area studied (A), and fossil horses sites (B). 1 = Te{i}a Ciglana, Belgrade; 2 = Ostru`nica;
3 = Risova~a; 4 = Despotovac; 5 = Gradac, 6 = Baranica; 7 = Ravani~ka Cave; 8 = Vrelska Cave; 9 = Stubal; 10 = Lazareva
Cave; 11 = Trlica; 12 = Medena Stijena; 13 = Crvena Stijena.nonis, Megacerini indet., ?Cervus sp., Bison cf. schoe-
tensacki FREUDENBERG, Megalovis sp., and Caprinae
indet. (DIMITRIJEVI], 1990; CODREA & DIMITRIJEVI],
1997); to this list we here add Equus cf. major BOULE.
Large herbivores, particularly ruminants, are the most
numerous, while the carnivores and rodents are each
represented by a few bones and/or teeth each.
The species found would date the fauna to the late
Early or early Middle Pleistocene. The stratigraphic age
is more precisely defined by Stephanorhinus cf. hund-
sheimensis, which correlates the fauna with biozones
20–22 (GUERIN, 1980) and MQ3 (late Lower Pleistoce-
ne) (AGUSTI et al., 1987). Several layers could be dis-
tinguished in the cave profile, showing that conditions
were changing during deposition, although probably not
during a long time span. The presence of Hystrix indi-
cates a temperate climate (MAUL, 1994).
Since the horse sample is small, consisting mainly
of isolated cheek teeth, we consider it as a single unit.
There are: R PD 3–4 (TRL 88/25/1); L PM2 (TRL
88/20); R and two L PM 3–4 (TRL 90/18/1, 87/5, and
90/11/1); seven R and four L M1–2 (TRL 90/10/2, 96/7,
90/14/2, 90/10/1, 01/11/1); R M3 (TRL 90/7/1); PM/M
indet. (TRL 90/12/1, 90/8/1, 88/18/8, 94/2/1, 01/1/1,
01/21/28, and 01/22/43); Lpd3–4 (01/22/2); L pm2 (TRL
90/14/1, 90/9/1, and 01/5/2); three L and four R pm 3–4
(TRL 96/6, 87/7, 88/29/1, 01/22/1, 01/4/3, 01/14/3, and
01/5/1); five L and seven R m1–2 (TRL 87/6, 90/5/1,
88/18/9, 88/26/1, 88/27/1, 90/16/2, 90/6/1, 96/8, 90/13/1,
01/21/29, 01/22/42, and 01/19/4); L m3 (TRL 94/1/1);
fragmentary epistropheus (TRL 88/28/1); distal left tibia
(TRL 90/17/1), and distal left metapodial (TRL 88/24/1).
The material is the property of the Institute for the Pro-
tection of Nature, Podgorica, Montenegro.
With the exception of three large specimens, right
PM3–4 (TRL 90/18/1), left m1–2 (TRL 90/5/1), and pos-
sibly also right m1–2 (TRL 96/8), which we refer to E.
cf. major, (Fig. 2) (Table 1). The rest of the horse sam-
ple seems homogeneous. It belonged to a medium-sized
horse, which we identify as E. stenonis on the basis of
dental evidence (Fig. 3) (Table 2), since the bones are
few. The distal tibia (TRL 90/17/1) is abraded and
therefore appears narrow, but the measurements on the
distal metapodial (TRL 88/24/1) are slightly larger than
the corresponding means, although within the ranges, of
E. stenonis from Valdarno, Italy, the hypodigm or type
sample.
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Fig. 2. Equus cf. major BOULE from
Trlica: a. L PM3/4 (TRL 90/18/1); b.
L m1/2 (TRL 90/5/1); c. R m1/2
(TRL 96/8).
Table 1. Equus cf. major BOULE from Trlica. Abbrevations:
H = height; Locc. = oclusal length; Bocc. = oclusal breadth;
Lprot. = protocon length.
Table 2. Trlica Equue stenonis COCCHI. The abbrevations are
the same as in Table 1.The unworn upper M1–2 reach approx. 80 mm in
crown height. Plotted on their occlusal breadth to length,
the cheek teeth fall in the upper range of E. stenonis
from Valdarno (Figs. 4, 5). The protocones are short
(Fig. 3a–f): the mean lengths are 9.41 mm in PM 3–4
and 10.56 mm in M1–2, with a mean plication count of
appr. 8 plications, including a pli caballin. In early wear,
the post–protoconal grooves are deep, reaching the pre-
fossettes; the hypocones are lingually indented. The la-
bial styles are not grooved even in PM3–4.
In the lower cheek teeth (Fig. 3g–m), the metaco-
nid–metastylid double knots are typically stenonid, with
V–shaped lingual grooves. The double knots tend to
droop in pm3–4 and in some of the worn teeth they
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Fig. 3. Equus stenonis COCCHI from Trlica: a. R D3/4 (TRL 88/25/1); b. L PM2 (TRL 88/20); c. L PM3/4 (TRL 87/5); d. L
M1/2 (TRL 94/2/1); e. R M1/2 (TRL 90/12/1); f. R M1/2 (TRL 90/10/2); g. L pm2 (TRL 90/14/1); h. L pm2 (TRL 90/9/1); 
i. R pm3/4 (TRL 88/29/1); j. L m1/2 (TRL 87/6); k. R m1/2 (TRL 90/6/1); l. R m1/2 (TRL 90/13/1); m. L m3 (TRL 94/1/1).
Fig. 4. Occlusal breadth plotted to occlusal length of the
upper cheeck teeth of the horses from Trlica. P = premolar,
M = molar. Premolar in the upper right belongs to E. major
BOULE.
Fig. 5. Occlusal breadth plotted against occlusal length of
the lower cheeck teeth of the horses from Trlica. p = pre-
molar, m = molar. Molars in the upper right cluster indicate
E. major BOULE.take on a caballoid shape. “Protostylids” may be develop-
ed in pm2, e.g. TRL 90/14/1, (Fig. 3g) but protostylid
plications are not marked in pm3–4 or m1–2. Molar
ectoflexids are deep, even ending flat at the double knot,
and the plis caballinid disappear with wear.
The large right PM3–4 (TRL 90/18/1) resembles E.
major in occlusal length, but is narrower (Fig. 2a). The
labial styles are massive, but not grooved; the hypocone
is lingually indented. The two m1–2 (TRL 90/5/1 and
96/8) (Fig. 2b–c) differ from the other lower molars in
that they are of greater length and breadth. We identi-
fy these three teeth as E. cf. major.
Stenonid horses are known from neighbouring regions:
Croatia (MALEZ et al., 1992), Northern Greece (TSOU-
KALA, 1989; KOUFOS, 1992; KOUFOS & KOSTOPOULOS,
1993; KOUFOS & VLACHOU, 1997; KOUFOS et al., 1997),
Bulgaria (SPASSOV, 1997), Rumania (SAMSON, 1975), and
Hungary (MOTTL, 1943; KRETZOI, 1954; JANOSSY, 1978).
These finds have been dated Middle and Late Villafran-
chian (Late Pliocene–Early Pleistocene), even late Middle
Pleistocene. The latter date may indicate that stenonid
horses other than E. hydruntinus lived on the Balkans
longer than elsewhere in Europe.
Compared with known described occurrences, the Tr-
lica horse shows the closest similarity with finds from
bone breccias on the islands of Iz and Vis, Croatia, dat-
ed “Villafranchian” (MALEZ et al., 1992), with slen-
der–built stenonids from the Middle Villafranchian of the
Mygdonia Basin, Greece (KOUFOS, 1992) and Kislang,
Hungary (KRETZOI, 1954), but also with E. stenonis “mi-
nor” from Varberg, Hungary (MOTTL, 1943), dated “Alt-
pleistozän”, but believed possibly to date from the early
Mindel–Riss (Holsteinian) interglacial (JANOSSY, 1969).
Other finds, such as the Middle Villafranchian occur-
rences from Dafnero, Volax, Apollonia, and Sésklo, Gre-
ece (KOUFOS & KOSTOPOULOS, 1993; KOUFOS & VLA-
CHOU, 1997, KOUFOS et al., 1997, ATHANASSIOU, 2001)
appear to be slightly larger than the Trlica horse, those
from Petralona, Greece, and Podumci, Croatia (TSOUKALA,
1989; MALEZ et al., 1992), dated Middle Pleistocene, to
be slightly smaller. Considerably larger stenonids, identi-
fied as E. major, E. robustus POMEL, or E. sp., have been
found from the Villafranchian of Rumania, from
Osztramos Loc. 7, Hungary, and from [andalja I and
Razine, Croatia (SAMSON, 1975; JANOSSY, 1978; MALEZ et
al., 1992). From Kislang, E. cf. stenonis occurs together
with a very large stenonid horse, probably E. major.
The later stages: caballoid horses
The loess record
Te{i}a Ciglana
In an area which in former days was the periphery
of the city, but now is part of the centre of modern
Belgrade, a brick–works, named Te{i}a Ciglana, was
opened exploiting loess “earth” (Fig. 1B: 1). Pleistocene
large mammal remains were found in this earth. LASKA-
REV (1926) gave a short description of the find and a list
of the species identified. The bones and teeth of animals
identified as Elephas primigenius BLUMENBACH, Bos sp.,
and Equus “woldrichi” ANTONIUS, were scattered on the
surface within an area of approximately 75 square meters.
Laskarev was an experienced paleontologist, who con-
tributed significantly to Neogene and Quaternary bio-
stratigraphy of Serbia. His identification of the fossils
should be taken seriously, with amendmants for chang-
es in the taxonomy and nomenclature of the species.
Thus in addition to the horse, there were remains of
Mammuthus primigenius and of a large bovid, probably
Bison priscus (BOJANUS). The generic name “Bos” was
at that time applied to both aurochs and bison, but Bi-
son priscus was much more frequent in the Pleistocene
of the region than was Bos primigenius BOJANUS.
The most important information about the find is
that it came from the lower part of the second loess
horizon. The loess deposits in the surroundings of Bel-
grade constitute the southern margin of the loess cover
of the Pannonian Plain. The loess reaches a thickness
of over 30 m in places and covers deposits of various
ages, mostly Neogene freshwater deposits and Middle
Pleistocene fluvio-lacustrine sediments (the so-called
“layers with Corbicula fluminalis”). For a long time it
was thought that loess deposition began in the Middle
Pleistocene Rissian, and was finished at the end of the
Pleistocene (LASKAREV, 1922; STEVANOVI], 1977). Mo-
re recent data indicate an older age. In one of the pro-
files of the Danube embankment, 15 km downstream
from Belgrade, 12 paleosols can be distinguished.
Samples of the paleosols were dated by the thermolu-
miniscence method, which showed that the oldest soil
could be equated with the oxygen isotope stage (OIS)
15 (535000 years BP) (BUTRYM et al., 1991). The sec-
ond Belgrade loess has been correlated with the second
loess in the loess profiles from Batajnica, Stari Slan-
kamen, and Ne{tin, and dated to the second Würm sta-
dial (MARKOVI]-MARJANOVI], 1972). The lower part of
the second loess in the Mo{orin–Surduk Dukatar profile
has been dated to 35 900 +/– 500 BP (Lub–1905) and
in the Stari Slankamen–^ot profile to 37000 +/– 600 BP
(Lub–1892)(BUTRYM et al., 1991). These dates compare
closely with the 14C date 36680 +/– 1100 BP (NLJ 306)
for the uppermost part of the paleosol beneath the sec-
ond Belgrade loess (MARKOVI]-MARJANOVI], 1976).
There are two sets of maxillary teeth of a horse from
the Belgrade loess, one of a mature individual (complete
right row, LV 21/2, 21/1, 21/3, 21/10, 21/11, and 21/9
(Fig. 6a), and left PM3–M2, LV 21/25, 21/24, 21/26, and
21/23), and another of a young adult animal (complete
right row, LV 21/20, 21/19, 21/21, 21/17, 21/13, and
21/16 (Fig. 6b), and left PM3–M3, LV 21/22, 21/12,
21/18, 21/14, and 21/15). In addition, there are 4 incisors
(LV 21/5–21/8), probably belonging to the younger ani-
mal, as well as a fragment of an indeterminate incisor
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Geology, University of Belgrade.
The teeth, which evidently represent a caballoid horse,
although the diagnostic lower cheek teeth are lacking, are
medium sized; the total tooth rows measure appr. 165–175
mm at the alveoli. In the mature PM3 (LV 21/1 and
21/25) the protocones are very short, only a little longer
than in PM2. In the young adult PM 3 (LV 21/19 and
21/22), the protocones approach those of PM 4 in length.
The mean protoconal length of PM3–M2 of the two indi-
viduals together is only 11.8 mm (N 8, range 8.97–13.5
mm). The hypocones in PM2–4 are lingually indented and
there is a pli hypostyle overhanging the hypoconal groove;
the labial styles are angled or grooved, in M1–3 they are
simple, but the mesostyles may be slightly grooved lower
down. The plication counts are 3–8 plications; in the
molars the plis caballin tend to disappear with wear. 
The size of the horse teeth from the Belgrade sec-
ond loess compare best with those of late Late Pleisto-
cene caballoids from Central Europe (FORSTEN, 1991:
fig. 4), but are on the small side compared with those
of the middle Late Pleistocene, corresponding to the
dates of approx. 35900–37000 BP and 36680 BP for
the second loess and paleosol, respectively. The species
E. “woldrichi”, to which these specimens were origi-
nally referred, is based on a horse skull from Krems,
Austria, believed to represent the Late Pleistocene “lo-
ess horse” (ANTONIUS, 1912). The species was poorly
described, without photographs and measurements, and
is probably not valid; in addition its age is unknown.
SCHLOSSER (1916), MOTTL (1938, 1941), and VERTES
(1950) used the name for fossil horses from Eichstätt,
Germany, Bergavölgy and Solymar, Hungary, respec-
tively. The teeth referred to E. woldrichi by SCHLOSSER
(1916) seem larger than those from the Belgrade loess,
while the three specimens referred to MOTTL (1938, table
396) correspond to those of the latter.
A host of different names have been coined for Late
Pleistocene medium sized to smallish Eurasian cabal-
loid horses; more recently usually identified as E. ca-
ballus L. with “subspecies”. For fossil forms, GENTRY
et al. (1996) have proposed Equus ferus BODDAERT to
replace E. caballus, a name originally given to the do-
mestic horse (LINNAEUS, 1758). 
Ciglansko Brdo, Smederovo
MARKOVI]-MARJANOVI] (1970) briefly described a
fossil horse from the former brick – yard Jevremovi},
Ciglansko Brdo, in Smederevo. The site lies 50 m abo-
ve the Danube riverbed. The Ciglansko Brdo hill shows
two lithological members: an upper, 6 m thick series
of three loess horizons and two paleosols, and a lower,
18 m thick stratified loess-like clay of aquatic origin,
with gastropods and equid remains. The equid remains
(parts of limb bones, part of rib, and two jaw fragments
(MARKOVI]-MARJANOVI], 1970) were found 14 m be-
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Fig. 6. Upper tooth rows from Te{i}a Ciglana: a. mature individual, right upper tooth row (LV 21/2, 21/1, 213, 21/10, 21/11,
21/9); b. young adult individual, right upper tooth row (LV 21/20, 21/19, 21/17, 21/21, 21/13, 21/16).neath the topographic surface. By correlating the Ci-
glansko Brdo lithology with that of the bore-core Ko-
vin (Bolnica), MARKOVI]-MARJANOVI] (1970) dated the
equid from Smederovo to the Mindel 2.
The material cannot be located, but the figures
(MARKOVI]-MARJANOVI], 1970) show right pm2–pm4
and left pm2–m2 of a caballoid horse, originally iden-
tified as the large stenonid E. cf. suessenbornensis
WÜST, probably mainly because of the presumed Mid-
dle Pleistocene age of the find. Neither the size of the
specimens nor the scale of the figures is given. In the
left jaw, m1 has a deep ectoflexid reaching to the dou-
ble knot. Morphologically these teeth do not differ from
those of other caballoid forms. 
Alluvial deposits
Belgrade surrounding
Material: Left maxillary with PM2–M3 (No. 1591);
right mandible with pm2–m2, I2 (No. 1397); and right
MT III (No. 603), in the Natural History Museum, Bel-
grade. Right PM3–4 (ZP 5) and left mandible with
pm2–m3 (RGF 87/01), in the Faculty of Mining and
Geology, University of Belgrade.
The Natural History Museum and the Faculty of Mi-
ning and Geology have in their collections remains of
Pleistocene large mammals found in alluvial deposits,
chiefly in deposits of the greatest rivers in the region,
the Danube, Sava, Tisa, and Morava. Most numerous
are the massive skeletal parts of the largest animals, e.g.
the teeth and bones of mammoth and crania of bison,
reflecting the selection of the collectors’; horse remains
are scarce. Some specimens have exact data about the
circumstance of their finding, while others only have a
note on their alluvial origin. Several specimens are con-
sidered alluvial finds solely on the basis of the sedi-
ment preserved in the bone crevices. 
The horse metatarsus (No. 603), in the collections of
the Natural History Museum, was found from Ostru`ni-
ca, a small town west of Belgrade (Fig. 1B: 2). In 1949,
when the supporting columns of a railway bridge cross-
ing the Sava River were built here, large mammal fos-
sils were found in deposits known as the «Sava layers»
(VESELINOVI]-^I^ULI], 1952). Originally dated to the Ho-
locene (LASKAREV, 1938; STEVANOVI], 1977), the «Sava
layers» were shown to contain Late Pleistocene mammals
identified as Bison priscus, Mammuthus primigenius, and
Cervus sp. (amended) (VESELINOVI]-^I^ULI], 1952). Ac-
cording to the museum’s inventory book, the metatarsus
was found together with M. primigenius, Megaloceros
sp., and Bison sp., indicating a stratigraphic age similar
to the find described by VESELINOVI]-^I^ULI], (1952).
We compared the bone (No. 603) with metapodials
from the Late Pleistocene of the Risova~a cave (FORSTEN
& DIMITRIJEVI], 1995) and with bones of similar age
from Hungary in a Simpson’s ratio diagram (Fig. 7). The
bone is as large and massive as those compared with it.
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Fig. 7. Simpson’s ratio diagram comparing seven measure-
ments on MT III; standard arbitary. Compared are: single
Mt III (No. 603) from alluvial of Ostru`nica; sample means
from Risova~a, Erd and Dorog. Measurements (standards in
logs in parentheses): 1 = (2.47) total length; 2 = (1.78) prox-
imal breadth; 3 = (1.73) proximal diameter; 4 = (1.75) dis-
tal articular breadth; 5 = (1.76) distal protuberance breadth;
6 = (1.64) distal keel diameter; 7 = (1.60) mid–shaft width.
Table 3. Maxilary and mandibulary cheek–teeth rows from
alluvial deposits of Serbia. The abbrevations are the same as
in Table 1.The upper and lower jaws (Nos. 1591 and 1397)
(Figs. 8, 9b) in the Natural History Museum are said
to come from alluvial deposits, but lack locality data.
There are no data on the mandible (RGF 87/01)(Fig.
9a) held in the Faculty of Mining and Geology, but
river pebbles in the canine alveolus and dark sand with
muscovite particles in the incisor alveoli and in cracks
in the bone, clearly show its alluvial origin.
The mandibles (No. 1397 and RGF 87/01) come
from medium-sized caballoid horses, with the premolar
rows measuring alveolarly 86.7 and 90.5 mm, respec-
tively (Table 3). The total pm2–m3 row of RGF 87/01
measures 177.6 mm. The pm2 lack “protostylids” and
m2–3 have shallow ectoflexids. These jaws and teeth
correspond in size and morphology to those of late Late
Pleistocene caballoid horses of Eurasia, identified under
several local names but probably synonymous with E.
ferus. In terms of size, they also correspond to the
uppers from the Belgrade second loess. Left mandible
(RGF 87/01) has been δ13C dated to > 40 000 BP
(Hela–506 & Hela–507) (JUNGNER, pers. comm.).
No. 1591, δ13C dated to 36300+/–1700 BP (Hela–505)
(JUNGNER, pers. comm.), represents a larger horse, the to-
tal teeth row PM2–M3 measures alveolarly 194.3 mm,
but these teeth are less worn than those of the two pre-
vious specimens, as shown by the still deep post-pro-
toconal groove in PM3, reaching towards the prefos-
sette (Fig. 8, Table 3). The protocones of PM3–M2
vary between 16.85–18.4 mm in length, the plication
counts between 11–13 plications, including well-devel-
oped plis caballin. The hypocones are lingually indent-
ed and plis hypostyle are indicated; in M3 the pli hy-
postyle closes the hypoconal groove as a lake. Premolar
labial styles are well grooved, also molar styles may be
grooved at some point along the crown. A single PM
3–4 (ZP 5) from the Sava River is also large, but has
a short protocone, measuring 11.65 mm. These speci-
mens, with PM3–4 occlusal lengths of 32–35 mm, cor-
respond in size to large horses from the Late Pleisto-
cene caves of Hungary, from caves and rock shelters in
Serbia and Montenegro, identified as E. sp. and E. mos-
bachensis-abeli REICHENAU-ANTONIUS (RAKOVEC, 1965;
MALEZ, 1975; FORSTEN & DIMITRIJEVI], 1995), and to
large Middle Pleistocene horses from neighbouring Gre-
ece and Rumania, identified as E. abeli ANTONIUS and
E. insulidens SAMSON (MELENTIS, 1966, SAMSON, 1975). 
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Fig. 9. Lower cheek-teeth from alluvial deposits: a, left mandible (RGF 87/01); b, right mandible (1397).
Fig. 8. Left upper cheek-teeth from alluvial deposits (No.1591).Despotovac
A L PM3–4 (LV 20), in the Faculty of Mining and
Geology, University of Belgrade, was collected by La-
skarev, most probably when surveying the Despotovac
area (Fig. 1B: 4), where important Neogene mammalian
fossils were found (LASKAREV, 1949). The tooth is
appr. 90 mm high, large, with a long protocone and
grooved labial styles, resembling those of No. 1591.
Stubal
Three large upper horse cheek–teeth, R and L
PM3–4 (ZP 6/1 and 6/3) and L M1–2 (ZP 6/2), prob-
ably from a single young adult individual, were found
by @IVADIN PETRONIJEVI], a Serbian Neogene mammal
specialist, in Stubal, a village near Blace in Central
Serbia (Fig. 1B, 9). Little is known about the circum-
stances of the finding, except that the teeth come from
loose sediment, most probably alluvial sands. The
crowns are high, from >84 to 98 mm, and the proto-
cones long, range 15–16.4 mm.
Cave deposits of Serbia
The Late Pleistocene fossil record is best known
from caves, both because the cave environment furnish-
ed favourable conditions for fossilization and because
archaeological excavations have focussed on caves. The
cave faunas are mostly rich and diverse, and Palaeo-
lithic artefacts, where found, make dating and age com-
parisons feasible.
Fossil remains of mammals have been discovered in
more than 25 caves in Serbia, with 25 large mammal
and 32 small mammal species identified (DIMITRIJEVI],
1997a, 1998). Horses have been found from six cave
localities: Risova~a, Gradac (Jerinina Cave), Vrelska,
Lazareva, Ravani~ka, and Baranica caves. The remains
from Risova~a (Fig. 1B: 3) were described earlier (RA-
KOVEC, 1965; FORSTEN & DIMITRIJEVI], 1995).
Jerinina Cave
The Jerinina Cave or the Cave under Jerinina hill is
situated in the village Gradac near Kragujevac (Fig.
1B: 5), 11 m above the Lepenica River, at an altitude
of 128 m. Late Pleistocene mammal remains and Paleo-
lithic flint and bone artifacts were found during arche-
ological excavations in 1952–53 (GAVELA, 1988). 
The fossil mammal remains from the Jerinina cave
are kept in the National Museum, Belgrade. The fol-
lowing species have been identified: Castor fiber (LIN-
NAEUS), Marmota marmota (LINNAEUS), Canis lupus LIN-
NAEUS, Vulpes vulpes (LINNAEUS), Ursus spelaeus (RO-
SENMÜLLER & HEINROTH), Crocuta spelaea (GOLDFUSS),
Panthera spelaea (GOLDFUSS), Mammuthus primigenius,
Rhinoceros sp., Equus hydruntinus, E. ferus, Sus scrofa
LINNAEUS, Megaloceros giganteus (BLUMENBACH), Cer-
vus elaphus LINNAEUS, and Bos primigenius (MARKOVI]-
MARJANOVI], 1968; GAVELA, 1988, amended).
The equid material consists of one R PD3–4 (No.
216); L and three R PM2 (Nos. bb, 63,139, and 321);
three R and four L PM3–4 (Nos. 140, 213, 244, 154,
188, 214, and 870); three R and six L M1–2 (Nos. 190,
219, 266, 44, 50, 187, 189, 267, and bb); two L M3
(Nos. 191 and 192); three L pd3–4 (Nos. bb, 371, and
432); L and three R pm3–4 (Nos. 64, 186, 212, and
322); four R m1–2 (Nos. bb1, bb2, 155, and 156); R
and three L m3 (Nos. bb, 141 211, and 274); epistro-
pheus (No. 220); proximal R radius (No. 242); R astra-
galus (No. 98); and second phalanx (No. 284). 
Except for the second phalanx, the horse bones show
severe damage attributed to Crocuta gnawing. The epi-
stropheus is gnawed along the neural spine, and the
caudal articular surface and processes show similar da-
mages. The lateral part of the trochlea tali and the plan-
tar surface of the astragalus show grooves made by
Crocuta teeth. The lateral side of the proximal end of
the radius is chewed off and there are two pits on the
proximal articular surface, probably made by Crocuta
canines. The radius also shows scratches, but they are
not so clear nor in a characteristic position as to be
classified with certainty as butchering marks, and they
could have been made by stone ertefacts.
The horse teeth are large, corresponding in size to
those from the Risova~a, Baranica, and Ravani~ka ca-
ves (Fig. 10) (Table 4). Two R lowers (Nos. bb1 and
bb2) (Fig. 10n–o), although worn, are particularly lar-
ge; they may be m1 and m2 (alternatively, mp4 and
m1) of one individual. In this sample, the protocones
are medium long (mean 14.8 mm), the plication counts
slightly high (mean appr. 9.8 plications). The ectoflex-
ids tend to be shallow in the lower molars.
The astragalus (No. 98) is medium sized, but the
medial phalanx (No. 284), with a total length of 58.4
mm, is as large as the bones from Risova~a.
Lazareva Cave
The Lazareva Cave, sometimes referred to in the lite-
rature as Zlotska Cave, is located at the foot of the
Ku~aj mountain, 3 km northwest of the village Zlot, on
the left side of the Lazareva River, a tributary of the
Zlotska River (Fig. 1B: 10). The entrance is at an alti-
tude of 291 m or 6.7 m above the Lazareva riverbed
(LAZAREVI], 1978). The total length of the Lazareva
Cave is 1540 m (PETROVI] & GAVRILOVI], 1965).
This cave has attracted visitors and researchers for a
long time (CVIJI], 1893; @UJOVI], 1889, 1929). A de-
tailed speleological survey preceded its opening to tou-
rists in 1953 (PETROVI], 1958; PETROVI] & GAVRILO-
VI], 1965; LAZAREVI], 1978), and archaeological exca-
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Iron and Bronze Age remains (TASI], 1971). 
The Pleistocene layers of the Lazareva Cave have not
been systematicaly excaved, but scattered remains of sev-
eral Pleistocene mammalian species have been reported,
such as Ursus spelaeus, Panthera spelaea, and Crocuta
spelaea (CVIJI], 1893, 1895; @UJOVI], 1929). One cave
visitor happened to be @IVADIN PETRONIJEVI], who col-
lected an equid tooth and four canines of Ursus spelaeus,
which are now in the collections of the Faculty of Mining
and Geology, University of Belgrade. Two equid teeth
from the same locality, found by an unknown collector,
are held in the Natural History Museum, Belgrade.
The horse material consists of two R PM3–4 (Nos.
bb and ZP 7/1) and L M3 (No. bb). The premolars are
large, with short protocones measuring 11.35 and 14.5
mm, grooved mesostyles, hypocones with faint lingual
marking and plis hypostyle.
Ravani~ka Cave
The cave is located in the immediate vicinity of the
Ravanica monastery (Fig. 1B: 7). The entrance is at an
altitude of 235 m, only 6 m above the riverbed of Rava-
nica, a tributary of the Morava River. The total length
of the cave is 1049 m (PETROVI], 1976). 
]IRI] (1952) described cave bear remains from the
Ravani~ka Cave. Two equid teeth from this locality, found
by @IVADIN PETRONIJEVI}, are in the collections of the
Faculty of Mining and Geology, University of Belgrade.
The teeth are L PM3–4 (ZP 2/2) of a caballoid horse and
R M3 (ZP 2/1) of E. hydruntinus. In the Natural History
Museum, Belgrade, there is a total of five teeth, L and R
PM3–4, L M1–2, and L pm3–4 (Nos. 377, 375, 376, and
380) of a horse and R PM3–4 (No. 378) of hydruntinus.
The uppers of the horse are large, with long protocones
and 5–11 plications, including marked plis caballin.
Baranica
The cave is situated in the wider surroundings of the
town Knja`evac, on the right bank of the Trgovi{ki Ti-
mok River, at an altitude of 260 m (Fig. 1B: 6). The
entrance is in the form of a low rock-shelter, while
behind it a network of cave channels is developed. 
Archaeological excavations were done in 1994, 1995,
and 1997 (SLADI] & JOVANOVI], 1996; MIHAILOVI] et
al., 1997). Four stratigraphic layers were distinguished
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Table 4. Cheek-teeth of cabballoid horses from cave and rock–shelter deposits of Serbia and Montenegro. Abbrevations:
N = number of specimens; M = mean; SD = standard deviation.to a depth of 2.2 m. Flint artefacts were found, as well
as an extremely rich and diverse fauna of both large
and small mammals, birds, frogs, fish, and gastropods.
Among the flint artefacts from layer 2, characteristic
early Upper Palaeolithic types can be distinguished, in-
dicating an age < 41000 BP (MIHAILOVI] et al., 1997).
Some of the large mammal bones were water worn,
probably from having been transported down from the
upper levels of the cave by underground water currents.
Tooth marks and gnawing damage could be seen on
other bones, mostly caused by cave hyena. 
Some ten metres above the cave entrance in the same
carbonate rock, a road cuts through a karst cavern,
which was excavated in 1997. Animal remains recover-
ed showed strong predator selection and were damaged
by gnawing to such an extent that it was concluded that
the place was a cave hyena den and raptor haunt. It is
supposed that it was connected with the lower cave and
it has accordingly been named Baranica II. The palaeon-
tological finds from the lower cave and the cavern are
marked “BAR” and “BAR II”, respectively. 
The faunal content from the two parts of Baranica
are largely similar, and include the following species:
Spermophillus citellus (LINNAEUS), Dryomys nitedula
(PALLAS), Sicista subtilis (PALLAS), Nannospalax leuco-
don (NORDMANN), Apodemus sylvaticus (LINNAEUS), Cri-
cetus cricetus (LINNAEUS), Mesocricetus newtoni (NEH-
RING), Cricetulus migratorius (PALLAS), Clethrionomys
glareolus (SCHREBER), Arvicola terrestris (LINNAEUS),
Terricola subterraneus (DE SELYS-LONGSCHAMPS), Mi-
crotus arvalis (PALLAS), Microtus nivalis (MARTINS),
Castor fiber, Lepus sp., Canis lupus, Vulpes vulpes, Ur-
sus sp., Martes martes (LINNAEUS), Mustela nivalis LIN-
NAEUS, Crocuta spelaea, Panthera spelaea, P. pardus
(LINNAEUS), Mammuthus primigenius, Dicerorhinus sp.,
Equus sp. (caballoid), E. hydruntinus, Cervus elaphus,
Megaloceros giganteus, Bos primigenius, Bison priscus,
Capra ibex LINNAEUS (DIMITRIJEVI], 1997b, 1998).
The fossil material from Baranica cave is kept in the
Knja`evac Regional Museum. The horse material consists
mainly of isolated teeth (Fig. 11) (Table 4). There are
two L PD2 (BAR 97/81/1 and BAR II 97/10/6); two L
and three R PD3–4 (BAR 97/30/3, BAR II 97/11/9,
97/24/1, 97/3/4, and 97/11/19); two R and four L PM2
(BAR II 97/11/11, 97/12/1, 97/10/1, 97/26/1, 97/9/14, and
97/2/2); ten L and four R PM3–4 (BAR 97/12/2, 97/13/2,
Pleistocene horses (genus Equus) in the central Balkans 65
Fig. 10. The caballoid horse from Jerinina Cave: a. R P2 (139); b. R P3/4 (244); c. R P3/4 (213); d. L P3/4 (214); e. L
M1/2 (267); f. L M1/2 (44); g. R M1/2 (219); h. R M1/2 (266); i. R d4 (371); j. R pm3/4 (322); k. R pm3/4 (212); 
l. L pm3/4 (64); m. R m1/2 (156); n. R m1/2 (bb1); o. R m1/2 (bb2); p. L m1/2 (211).BAR II 97/26/2, 97/10/4, 97/9/9, 97/8/88, 97/8/2, 97/10/3,
97/16/2, 97/29/1, 97/8/10, 97/7/24, 97/11/1, and 97/11/4);
five R and six L M1–2 (BAR II 97/30/2, 97/9/13,
97/27/1, 97/11/10, 97/11/2, 97/1/13, 97/10/2, 97/16/3,
97/16/1, 97/8/11, and 97/30/3); four L and three R M3
(BAR 97/13/1, BAR II 97/4/2, 97/16/4, 97/3/2, 97/11/5,
97/8/12, and 97/11/16). R and three L pm2 (BAR
97/80/3, BAR II 97/30/1, 97/10/5, and 97/8/13); one L
and three R pm 3–4 (BAR 97/80/1, BAR II 97/11/15,
97/11/6, and 97/27/2), L and R m1–2 (BAR 97/80/2 and
BAR II 97/9/10); L and two R m3 (BAR 97/11/8, BAR
II 97/17/1, and 97/29/2), upper and lower incisors (BAR
10/10, BAR II 97/3/1, 97/11/14, 97/11/12, 97/27/3,
97/9/15, 97/11/18, 97/16/7, 97/16/6, 97/11/13, and
97/17/2); R and L distal tibiae (BAR II 97/7/77, 1/11,
97/8/65); R and two L astragali (BAR II 97/11/7,
97/16/8, and 97/8/29); proximal L and distal MT III
(BAR II 97/2/10 and 97/14/1); and a scaphoid (BAR
97/1/5).
The teeth are large and among them are single parti-
cularly large specimens, like those from the Jerinina Ca-
ve, e.g. two L PM3–4 (BAR II 97/9/9 and 97/26/2), which
although worn measure 35×32 mm and 33×31.7 mm oc-
clusally; also R PM3–4 (BAR 97/12/2) is large. We re-
gard these specimens as large variants. The protocones
are medium long, but occasionally they may be short,
e.g. in R PM3–4 (BAR II 97/7/24) and R M1–2 (BAR
II 97/27/1), which measure 10.9 and 10.8 mm, respec-
tively. The plication counts vary between 4–12 plica-
tions. In M3, the hypoconal groove closes as a lake,
with or without including the postfossette; there is often
a hypostylar foramen.
Of the few limb bones, an astragalus (BAR II 97/8/29),
distal tibia (1/11), and distal MT III (97/14/1) are large,
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Fig. 11. The caballoid horse from Baranica Cave: a. R D3/4 (BAR II 97/3/4); b. L PM2 (BAR II 97/10/1); c. R PM3/4
(BAR II 97/11/1); d. R PM3/4 (BAR II 97/11/4); e. R PM3/4 (BAR 97/12/2); f. L M1/2 (BAR II 97/10/2); g. R M1/2 (BAR
II 97/11/10); h. R M3 (BAR II 97/8/12); i. L pm2 (BAR 97/80/3); j. R pm3/4 (BAR 97/80/1); k. L pm3/4 (BAR II 97/11/15);
l. R pm3/4 (BAR II 97/27/2); m. R pm3/4 (BAR II 97/11/6); n. R m1/2 (BAR 97/80/2); o. L m1/2 (BAR 97/9/10); p. L
m3 (BAR II 97/17/1).while the proximal MT III (97/2/10), with a breadth of
52 mm, is medium sized.
Vrelska Cave
The cave is in the town Bela Palanka, at an altitude
of 545 m (PETROVI], 1976) (Fig. 1B: 8). Since 1986 it
has been repeatedly explored by hydrogeologists, who
found the remains of Pleistocene mammals. In 1990 pa-
leontological excavations were done in the cave, reveal-
ing a fauna of mammals, birds, reptiles, amphibians, and
fish (MARKOVI] & PAVLOVI], 1991; DIMITRIJEVI], 1997a).
The material collected during the hydrogeological works
(mainly Ursus spelaeus) is kept in the Bela Palanka Re-
gional Museum, while the spoils of the excavations are
kept in the Natural History Museum, Belgrade.
There are only two tooth fragments of horses: an
upper PM/M and a lower pm/m. Although broken, the
protocone and the metaconid–metastylid double knot,
respectively, clearly show caballoid features.
Rock–shelters of Montenegro
Pleistocene vertebrate remains are known from only
a few cave localities in Montenegro (DIMITRIJEVI],
1997c), which mainly comprise the remains of the cave
bear, but another type of karst localitiy, rock-shelters,
have yielded rich and diverse Pleistocene faunas. 
Excavations have been done in the Crvena Stijena
rock shelter in the Trebi{njica River valley (BENAC,
1975), the Odmut Cave in the Piva valley (SREJOVI],
1977), the rock-shelters Mali{ina Stijena and Medena
Stijena in the ]ehotina Gorge (RADOVANOVI], 1986; MI-
HAILOVI], 1996), and the Treba~ki Kr{ rock shelter in
the Lim valley (DJURI^I], 1996). These sites are situ-
ated in mountainous areas, at an altitude of more than
500 m. They are multilayered and contain numerous
flint artefacts and faunal remains (MALEZ, 1975; MALEZ
et al., 1988; DIMITRIJEVI], 1996, 1999; MIHAILOVI] &
DIMITRIJEVI], 1999). The composition of the fauna, es-
pecially the frequency of the various mammal species,
is largely influenced by the hunting and subsistence
strategies of Palaeolithic and Mesolithic human societies,
which enjoyed the advantages of these natural shelters.
Medena Stijena
The Medena Stijena rock shelter is situated about 
20 km south–east of Pljevlja, in the ]ehotina canyon,
at an altitude of 780 m (Fig. 1B: 12). Upper Palaeo-
lithic chipped stone assemblages were found in several
layers of the lower stratigraphic complex, and Mesoli-
thic and Eneolithic/Bronze Age archaeological material
in the upper stratigraphic complex of the rock shelter
(MIHAILOVI], 1996). 
The poor preservation of the bones, due both to pre-
depositional fragmentation and depositional conditions,
has meant in that less than 5% of the 1747 pieces of
bone and teeth collected could be assigned to species.
The following species were found in the lower strati-
graphic complex: Ursus arctos LINNAEUS, Equus sp.
(caballoid), Sus scrofa, Cervus elaphus, Bison priscus,
Bos/Bison, Capra ibex, and Rupicapra rupicapra (LIN-
NAEUS) (DIMITRIJEVI], 1996).
A single equid R pm2 (MS 88/95/1) and a proximal
MC III (MS 86/109/1) were found in the lowermost
layer, together with artefacts of Early Epigravettian
type (mainly dated 25000–13/12000 BP) (MIHAILOVI],
1996). The fossils belong to the City Museum of Pljev-
lja, Montenegro. Although fragmentary, the pm2 ap-
pears large to medium in size; the proximal breadth of
the metacarpal is 50 mm, indicating medium size.
Crvena Stijena
The Crvena Stijena rock shelter is in the Trebi{njica Ri-
ver valley, near the village of Petrovi}i, western Monte-
negro, at an altitude of approximately 700 m (Fig. 1B:
13). Archaeological excavations there were done in
1955–1964 (BENAC, 1975). The locality comprises one
of the most complete Middle to Late Pleistocene se-
quences in Europe, with more than 20 m of deposits
and 31 distinguished layers, without as yet having reach-
ed bedrock. Most of the layers contain both Palaeolithic
artefacts and Pleistocene faunal remains. The following
mammal species have been identified in layers V–XXXI:
Lepus timidus varronis MILLER, L. europaeus (PALLAS),
Marmota marmota, Arvicola scherman exitus MILLER,
Microtus arvalis, M. nivalis, Apodemus flavicollis (MEL-
CHIOR), Canis lupus, Cuon alpinus europaeus BOURGUI-
GNAT, Ursus cf. spelaeus, U. arctos priscus GOLDFUSS,
U. cf. mediterraneus FORSYTH MAJOR, Meles meles
(LINNAEUS), Crocuta spelaea, Lynx lynx (LINNAEUS),
Panthera pardus, Equus caballus germanicus NEHRING,
E. mosbachensis-abeli group, Coelodonta antiquitatis
(BLUMENBACH), Dicerorhinus kirchbergensis (JAEGER),
Sus scrofa, Megaceros giganteus, Dama dama (LIN-
NAEUS), Alces cf. alces LINNAEUS, Cervus sp., Capreo-
lus capreolus (LINNAEUS), Bison priscus, Bos primige-
nius, Rupicapra rupicapra, Capra ibex, Ovis sp. (MA-
LEZ, 1975, partly amended).
The equid material is kept in the Institute of Quater-
nary Geology and Palaeontology, Zagreb, Croatia, and
lacks collection numbers. It consists of: three R and L
PM2; six R and L PM3–4; six R and five L M1–2; four
R and six L M3; L and two R pd 3–4; R and two L
pm2; six R and eight L pm3–4; ten R and twelve L
m1–2; four R and three L m3. There are no limb bones. 
The horse material comes from layers XX–XXV of
Crvena Stijena, believed to span the late Riss Glacial –
?Amersfoort Interstadial, i.e. mainly the last Interglacial
(BRUNNACKER, 1975) or the marine oxygen isotope sta-
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XXIV, believed to correspond to the Interglacial, with
a high frequency also in layers XXI–XXII, believed to
correspond to the Würm I (OIS 5). According to BRUN-
NACKER (1975), the climate of layer XXII was still rel-
atively warm.
The horse is dentally as large as those from the Ri-
sova~a, Jerinina, and Baranica caves (Table 4). In a
phenogram, constructed on the basis of ten upper cheek
tooth measurements (Fig. 12), these samples cluster to-
gether. The protocones are medium long, the plication
counts slightly high. Although the coefficients of varia-
tion (100 × s/Mean) for M3 and m3 occlusal lengths are
high, probably because specimens in different stages of
wear were included in the calculations, there are no mor-
phological indications of two different caballoid species
in the sample, nor has E. hydruntinus been found here.
Equus hydruntinus REGALIA
The presence of the small Middle to Late Pleistocene
stenonid, Equus hydruntinus, was previously established
in the Risova~a Cave, near Arandjelovac in Central Ser-
bia (RAKOVEC, 1965; FORSTEN & DIMITRIJEVI], 1995).
The coexistence of this species with a much larger, ca-
balloid horse also characterizes the caves Baranica, Jeri-
nina, and Ravani~ka. A further similarity lies in the low
number of hydruntinus remains found in relation to those
of caballoid horse remains found, as is the case with
most European finds of hydruntinus. In the Ravani~ka
Cave, there were two hydruntinus teeth compared with
only five caballoid specimens, but the sample in its enti-
rety is too small to be conclusive regarding their origi-
nal frequency. Whenever caballoid horse remains are
found in large numbers in a cave, hydruntinus is gener-
ally also present, Crvena Stijena being an exception.
Material: Baranica Cave (Fig. 13a–l): L PM2 (BAR
II 97/1/10); L and R PM3–4 (BAR II 97/3/3 and 97/8/3),
two L and four R M 1–2 (BAR 97/25/1, BAR II 97,
BAR II 97/12/3, 1/10, 97/7/7, and 97/16/5); R pm 3–4
(BAR II 97/9/12); L distal tibia (BAR II 97/8/65), and
R astragalus (BAR II 97/11/7); pm2 (BAR II 97/8/13)
may also belong to hydruntinus. Ravani~ka Cave (Fig.
13n–o): R M3 (ZP 2/1) and R PM 3–4 (No. 378), and
Gradac (Jerinina Cave) (Fig. 13m) R M1–2 (No. 61).
All over its range in Europe, the Middle East, and
the Caucasus, Equus hydruntinus is identifiable by its
dental morphology, although a single tooth may resem-
ble small/much worn specimens of the caballoid horse.
The protocones, although short, may have an anterior
extension, a “heel”, particularly in the molars. The pro-
toconal length, i.e. the development of the heel, is vari-
able within samples. A separate “subspecies”, E. hy-
druntinus davidi Alimen was established, believed to
differ in having relatively long protocones (ALIMEN,
1946), but significant differences in the protoconal
length between local samples have not been demonstrat-
ed. The lower cheek teeth are typically stenonid with
V–shaped lingual grooves, protostylid plications indicat-
ed, and mostly deep molar ectoflexids. Occasionally, the
molar ectoflexids may be shallow, resembling those of
the Asiatic Wild Ass, E. hemionus PALLAS. Generally
small, the limb bones vary locally in size, but the slen-
der metapodials and proximal phalanges are characteris-
tic, an additional resemblance with E. hemionus.
The few hydruntinus teeth listed above do not differ
from the teeth described from elsewhere of the species’
range, either in  their size or morphology (Fig. 13). The
mean protoconal lengths are: PM3–4 7.98 mm, M1–2
9.25 mm; there may be a short heel. The plication
counts vary between 6–11 plications; the plis caballin
were obliterated early by wear.
The astragalus from Baranica (BAR II 97/11/7) com-
pares closely with that from the Rissian of La Adam
Cave, Rumania, (SAMSON, 1975: table 14).
The Equus hydruntinus is believed to have preferred
dry and temperate climatic conditions, but the species
has been found in France under glacial conditions also
(PRAT, 1968). In the Bacho Kiro Cave, Bulgaria, hy-
druntinus occurs from layer 7 to and including layer
13, dated from 29150 +/– 950 BP to >47000 BP
(MOOK, 1982; GINTER & KOZLOWSKI, 1982), and under
climate conditions varying from cool-dry or cold-humid
to warm-dry and warm-humid (KOWALSKI, 1982). The
maximum frequency of hydruntinus is in layer 11, dat-
ed > 40 000 BP (MOOK, 1982), when the climate was
becoming warmer and increasingly humid, preceding
the maximum cold of layer 12 (KOWALSKI, 1982; GIN-
TER & KOZLOWSKI, 1982). It is not known from which
layers of the Risova~a, Baranica, Ravani~ka, and Jeri-
nina caves hydruntinus derives, neither the age nor the
climatic conditions are known.
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Fig. 12. Phenogram, constructed on the basis of 10 upper
cheek tooth measurements. Scale in standard deviation units.
Abbreviations: J = Jerinina Cave; BAR = Baranica; CSt =
Crvena Stijena; RIS = Risova~a; Snll = [andalja II; BGd =
Te{i}a Ciglana; 1591 = Left maxillary from alluvial deposits
near Belgrade.Pleistocene/Holocene discontinuity in the
horse record
In the Central Balkans, as well as elsewhere in Euro-
pe, the records indicate that the caballoid horses disap-
peared at the end of the Pleistocene. There are no finds
of caballoid horse from the Early Holocene faunas of
Serbia, although due to extensive archaeological excava-
tions these faunas are much better known than those from
the Late Pleistocene. The Equus hydruntinus survived and
locally in the Neolithic even formed an important part of
the fauna and of man’s subsistence (BÖKÖNYI, 1984). 
The further history shows, once again, the cabal-
loid/stenonid turnover. The latest representative of the
stenonid horses, E. hydruntinus, became extinct in the
Middle Neolithic (BÖKÖNYI, 1974) or as late as in the
Copper Age in Spain (BOESSNECK, 1967), while the ca-
balloid horse reappeared in the Eneolithic, this time as
domesticated animals.
Discussion
The taxonomy of the caballoid horses from the Euro-
pean Pleistocene is still in disarray, due to the morpho-
logical uniformity of these animals. There are size dif-
ferences, probably partly clinal, partly temporal. A
number of species names have been coined, mainly on
the basis of the size of the horse and its stratigraphic
age, but specimens (mainly isolated teeth and limb bo-
nes) from the type localities or referred to various spe-
cies cannot be morphologically clearly differentiated
from one another and are connected by forms interme-
diate in size, thus depriving the names of meaning and
usefulness. However, at a number of localities, two ca-
balloid forms, differing in size, seem to have occured
in sympatry (see discussion in FORSTEN, 1993), indicat-
ing distinct species.
The caballoid horses from the Central Balkans fall
into two size groups, as judged on the basis of the
teeth: large forms mainly from the caves and rock shel-
ters and medium sized forms from alluvia and loess.
The large forms resemble Late Pleistocene large hors-
es from Hungary, e.g. from Erd, Tata, Dorog, Istalloskö,
Lengyel, Tokod–Nagybereg, and Bodrogkeresztur, dated
30 000–40 000 BP, from Subalyuk, Kecskesgalya, and
Kalman–Lambrecht, dated 50000–95000 BP, and from
Szuhogu, dated to the Holsteinian Interglacial (e.g. JA-
NOSSY, 1986). The medium-to-small forms resemble
those from Kiskevely, Pilisszanto, Szelim, and Ságvár,
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Fig. 13. E. hydruntinus REGALIA from cave deposits of Serbia. Baranica Cave: a. L PM2 (BAR II 97/1/10); e. L PM3/4 (BAR
II 97/3/3); f. R PM3/4 (BAR II 97/8/3); g. R M1/2 (BAR 97/25/1); h. R M1/2 (BAR II 97/7/7), i. R M1/2 (BAR II 1/10);
j. L M1/2 (BAR II 97/12/3); k. L M1/2 (BAR II 97); l. R M1/2 (BAR II 97/16/5); m. R pm2 (BAR II 97/8/13); 
n. R pm3/4 (BAR II 97/9/12); o. L m1/2 (BAR II 97/3/26); Jerinina Cave: b. R M1/2 (61); Ravani~ka Cave: c. R PM3/4
(378); d. R M3 (ZP 2/1).dated to the last Glacial and early Late Glacial. From
the Rumanian Late Pleistocene, SAMSON (1975) identi-
fied the large E. transilvanicus Theoder and the medi-
um–sized E. spelaeus Owen. Single, very large bones
have been found from the late Late Pleistocene (SAM-
SON, 1975: Tables 12, 15).
On the basis of limb massivity and protoconal
lengths, SPASSOV & ILJEV (1997, 1998) tried to differen-
tiate Pleistocene species of Equus in an Equus germani-
cus/latipes Nehring–Gromova Group, massively built
with long protocones, and an E. gmelini Antonius
Group, more gracile in build and with short protocones.
They showed (SPASSOV & ILJEV, 1998) that the proto-
conal length can be roughly correlated with the dental
occlusal length (their Fig. 3), as pointed out earlier
(FORSTEN, 1982), and that a positive correlation be-
tween the MC III diaphysal breadth and length (their
Fig. 4), in both cases with only small differences in the
proportions between representatives assigned to the two
groups. They concluded that the domestic horse is po-
lyphyletic, deriving from both groups. Polyphyly of the
domestic horse was suggested earlier (LUNDHOLM, 1949;
GROVES, 1974), but considered unlikely on genetic and
molecular grounds (FORSTEN, 1988).
In the present material, short protocones occur in
both maxillas (LV 21/) from the Belgrade loess, the
mean protoconal length in PM3–M2 is 11.8 mm, range
8.97–13.5 mm, in the PM 3–4 (ZP 5) from the Sava
River alluvia, the protocone length is 11.65 mm, in the
two PM 3–4 (No. bb and ZP 7/1) from the Lazareva
Cave, the lengths are 11.35 and 14.5 mm, respective-
ly, and in the PM 3–4 and M1–2 (BAR II 97/7/24 and
97/27/1) from the Baranica Cave, the lengths are 10.9
and 10.8 mm, respectively. Except for the mature max-
illa from the Belgrade loess and the No. bb from the La-
zareva Cave, with worn teeth measuring 22.3–31.8 mm
and 35.1 mm in crown height, respectively, the teeth
are only moderately worn, with crown heights of
51.7–75.2 mm, indicating that in these specimens the
short protocones are not due to  wear. The teeth from
the Sava River, Lazareva and Baranica caves are large,
the PM3–4 measuring 31.1–34 mm occlusally. Where
limb bones are known, e.g. from Risova~a, Jerinina,
and Baranica II, they are also large and massive (FOR-
STEN & DIMITRIJEVI], 1995). 
We do not believe that rhe European Pleistocene
horses of the genus Equus can be differentiated into the
two groups of SPASSOV & ILJEV’S (1997, 1998), simply
based on the basis of the protoconal length. In addi-
tion, the type specimen of E. germanicus, a skull (in
the Berlin Humboldt Museum MB 1972.31.86; NEH-
RING, 1884: pl. 5) from Unkelstein near Remagen, Ger-
many, has short protocones. Especially within local
samples, we believe that more evidence is required for
species differentiation. To avoid competition for re-
sources, sympatric species ought to occupy different
ecological niches, particularly among caballoid horses,
with wide ecological requirements; this should be re-
flected in the morphology. Where seemingly two taxa
of caballoid Equus occur, they usually differ noticeably
in size (e.g. MUSIL, 1962). In some of the cave sam-
ples, e. g. Jerinina and Baranica, single teeth do differ
in that they are larger than the rest. We consider here
these specimens large variants within taxonomically
homogeneous samples, but acknowledge their differ-
ence in size.
The dated specimens do not support a decrease in
size with time, as observed in the caballoid horses in
other areas (FORSTEN, 1991, 1993), rather an oscillation
in size is indicated. The earliest find described here, the
horse from Crvena Stijena, dated to the Last Intergla-
cial or approx. 120 000 BP, is large. It is matched in
size by stratigraphically younger horses from the Riso-
va~a (> 36400 BP, Malez in litt.) and Baranica caves
(< 41000 BP), and by No. 1591 from alluvium (36300
BP). The two medium-sized jaws (No. 1397 and RGF
87/01) from alluvia, dated > 40000 BP, correspond in
size to the uppers (LV 21) from the Belgrade second
loess, dated appr. 36–37 000 BP. Taking into account
the slight uncertainty with radiometric dates, all these
rather differently sized finds could be roughly contem-
poraneous. The majority of the dated finds from the
Central Balkans thus fall in the middle Late Pleistocene
or OIS 3, approx. 30–50000 BP, comprising the inter-
stadials Denekamp, Hengelo, and Moershoofd with
colder stadials in between (ZAGWIJN, 1989).
Conclusions
The earlist stage in the records of the Pleistocene
horses in the Central Balkans is represented by the late
Early Pleistocene stenonid horses. Remains were found
of two species, Equus major and Equus stenonis and
from a single locality Trlica in northern Montenegro.
The next stage is represented by the existence of so-
lely caballoid horses throughout The middle and begin-
ning of the Upper Pleistocene. The remains were found
mostly in alluvial and cave deposits. There are two size
groups: large forms mainly from caves and rock shel-
ters and medium–sized forms from the alluvial and loess
deposits. A size decrease with time is not confirmed in
the Central Balkan caballoids.
In the Upper Pleistocene, the stenonid line is again
present, this time with the species Equus hydruntinus.
At the end of the Pleistocene, the caballoid horses
disappeared, while the Equus hydruntinus continued to
exist into the Neolithic.
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Rezime
Pleistocenski kowi (rod Equus)
centralnog Balkana
Na podru~ju centralnog Balkana, koje obuhvata
planinske oblasti Srbije i Crne Gore, nalazili su
se, tokom pleistocena, zna~ajni migracioni putevi
kojima su se {irili krupni sisari prilago|eni na
hladnu klimu. Kroz ovu oblast, sme{tenu izme|u dva
planinska pojasa, Dinarida i Karpato–Balkanida,
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iju na severu, preko dolina Dunava i Tise, i severnu
Gr~ku na jugu, preko doline Vardara u Makedoniji
(sl. 1a). O{tri klimatski kontrast izme|u konti-
nentalne klime Panonske nizije i mediteranske
klime na jugu se ovde postepeno ubla`ava.
Fosilni nalazi kowa (rod Equus) do sada ot-
kriveni na podru~ju centralnog Balkana pokriva-
ju period od kasnog ranog do kraja mla|eg pleisto-
cena. Nalazi iz ranog i sredweg pleistocena su
retki, dok iz mla|eg pleistocena poti~u brojni
ostaci, naro~ito iz pe}inskih naslaga.
Najraniji nalazi predstavqeni su stenonidnim
kowima kasnog starijeg pleistocena. Predstavnik
ove razvojne linije kowa prvi put je pomenut u radu
o lesnim platoima i pe{~arama Vojvodine (MILO-
JEVI], 1950), gde se navodi da je prona|en dowi
molar, na osnovu koga je Laskarev odredio vrstu
Equus sp. aff. stenonis COCCHI.
Brojni ostaci, ukqu~uju}i zube i nekoliko ko-
stiju vankranijalnog skeleta, otkriveni su na lo-
kalitetu Trlica u severnoj Crnoj Gori (sl. 1b: 11).
Odre|ene su dve vrste: Equus cf. major BOULE (sl. 2)
i Equus stenonis (sl. 3). Vrsta Equus cf. major krup-
nija forma, odre|ena je na osnovu jednog gorweg
premolara i dva dowa molara, koji se po svojim
dimenzijama jasno razlikuju od zuba E. stenonis (sl.
4, 5). E. stenonis je vrsta sredwe krupnog rasta. Vi-
sina krune neistro{enih gorwih prvih i drugih
molara dosti`e pribli`no 80 mm. Protokon je kra-
tak (sl. 3a–f): sredwa vrednost du`ine je 9,41 mm
kod PM 3–4 i 10,56 mm kod M1–2, a sredwa vred-
nost broja nabora 8, ukqu~uju}i i kabaloidnu boru.
U ranom stadijumu tro{ewa post–protokonalne
brazde su duboke, i dose`u prefosete; hipokoni su
lingvalno uvu~eni. Labijalni stili nemaju `qe-
bove ni na PM3–4.
Ostaci stenonidnih kowa poznati su iz susednih
oblasti: Hrvatske (MALEZ i dr., 1992), severne
Gr~ke (TSOUKALA, 1989; KOUFOS, 1992; KOUFOS &
KOSTOPOULOS, 1993; KOUFOS & VLACHOU, 1997; KOU-
FOS i dr., 1997), Bugarske (SPASSOV, 1997), Rumunije
(SAMSON, 1975) i Ma|arske (MOTTL, 1943; KRETZOI,
1954; JANOSSY, 1978). Datovani su u period od sred-
weg i kasnog vilafranka (mla|i pliocen – stariji
pleistocen) do kasnog sredweg pleistocena. Ovo
bi moglo da zna~i da su stenonidni kowi, stariji
od E. hydruntinus REGALIA, `iveli na prostoru Bal-
kana du`e nego u drugim delovima Evrope.
U slede}em stadijumu stenonidne kowe zamewuje
kabaloidna razvojna linija. Kabaloidni kowi sred-
weg i mla|eg pleistocena su u novije vreme naj~e{}e
nazivani Equus caballus LINNAEUS, ~esto uz odredbu
podvrste, mada je kori{}eno i mno{tvo razli~itih
imena. Mi se pridr`avamo predloga koji su dali
GENTRY i dr. (1996) da se za fosilne forme koristi
nazivEquus ferus BODDAERT, jer je kao E. caballus pri-
marno opisan doma}i kow (LINNAEUS, 1758).
Ostaci kabaloidnih kowa, Equus ferus, na pod-
ru~ju centralnog Balkana, poti~u iz lesnih, aluvi-
jalnih i pe}inskih naslaga.
U lesnim naslagama na teritoriji Beograda, na
lokalitetu Te{i}a ciglana, prona|eni su ostaci
krupnih sisara – mamuta, bovida i kowa. Ostatke
kowa LASKAREV (1926) je pripisao vrsti Equus
“woldrichi” ANTONIUS. Zna~ajan je podatak da su osta-
ci prona|eni u dowem delu drugog lesnog horizon-
ta, s obzirom da je ovaj lesni horizont u novije
vreme datovan na profilima Mo{orin–Surduk
Durkatar u 35900 +/– 500 BP (Lub–1905) i Stari
Slankamen–^ot u 37000 +/– 600 BP (Lub–1892) (BU-
TRYM et al., 1991). Ostaci su predstavqeni nizovi-
ma maksilarnih zuba, od kojih je jedan levi i jedan
desni pripadao starijoj odrasloj (sl. 6a), a drugi
levi i desni mla|oj odrasloj jedinki (sl. 6b).
Polo`aj pojedina~nih zuba u zubnom nizu je rekon-
struisan, s obzirom da su prona|eni van vilica.
Osim premolara i molara, prona|eni su i gorwi
sekuti}i, 4 primerka koja po istro{enosti zubnih
kruna odgovaraju mla|oj jedinki, i jedan fragmento-
van. Morfolo{ke osobine zuba ukazuju na sredwe
krupnog kabaloidnog kowa. Sredwa du`ina proto-
kona je 11,8 mm. Pri tome, protokoni PM3 starije
jedinke su vrlo kratki, dok se du`ina PM3 proto-
kona mla|e jedinke pribli`ava du`ini protokona
PM4. Labijalni stili na premolarima su uglasti i
`qebqeni, dok su na molarima jednostavni, izuzev
mezostila koji u dowem delu krune slabo u`qeb-
qen. Broj nabora je 3–8, a na molarima kabaloidna
bora ima tendenciju nestajawa sa tro{ewem.
Iz aluvijalnih naslaga poti~u ostaci iz Os-
tru`nice (metatarzus), i pojedina~ni nalazi zuba
iz Despotovca i Stubala. Mesto nalaska maksile i
mandibule iz zbirke Prirodwa~kog muzeja, i man-
dibule iz zbirke Rudarsko–geolo{kog fakulteta
nije poznato, ali se, na osnovu {qunka i peska sa-
~uvanog u ko{tanim {upqinama mo`e zakqu~iti
da poti~u iz re~nih naslaga. Metatarzus iz Os-
tru`nice odgovara po veli~ini i proporcijama
nalazima gorwe pleistocenske starosti iz Ri-
sova~e i nalazima iste starosti iz Ma|arske (sl.
7). Maksila iz zbirke Prirodwa~kog muzeja (sl. 8)
pripadala je krupnoj formi. Datovana je metodom
d13C u 36300+/–1700 BP (Hela–505) (JUNGNER, usmeno
saop{tewe). Kowima ne{to maweg rasta pripa-
dale su dowe vilice iz zbirke Prirodwa~kog muze-
ja (Sl. 9b) i Rudarsko–geolo{kog fakulteta (sl.
9a), koja je datovana metodom d13C u > 40000 BP
(Hela–506 & Hela–507) (JUNGNER, usmeno saop{tewe).
Najbrojniji ostaci poti~u iz pe}inskih naslaga,
zahvaquju}i delom povoqnim uslovima fosiliza-
cije, delom usredsre|enosti arheolo{kih iskopa-
vawa na pe}ine. Istovremeno to su i nalazi za koje
ima i najvi{e podataka o starosti, zahvaquju}i bo-
gatoj i raznovrsnoj fauni, i nalazima paleolit-
skih artefakata. Fosilni ostaci sisara prona|e-
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25 vrsta krupnih i 32 vrste sitnih sisara (DIMITRI-
JEVI], 1997a, 1998). Ostaci kowa prona|eni su u
Risova~i, Jerininoj (Gradac), Lazarevoj, Ravani~-
koj pe}ini, Baranici (sl. 11) i Vrelskoj pe}ini.
Zubi kowa iz Risova~e (RAKOVEC, 1965; FORSTEN
& DIMITRIJEVI], 1995), Jerinine pe}ine (sl. 10),
Baranice (sl. 11) i Ravani~ke pe}ine pripadaju
krupnoj formi (tabela 4). Na primercima iz Je-
rinine pe}ine protokon je sredwe du`ine (sredwa
vrednost 14,8 mm), sredwa vrednost broja nabora
relativno visoka (9,8), a ektofleksid na dowim
molarima prete`no plitak. Na primercima iz
Baranice, protokon je sredwe du`ine, a broj nab-
ora varira od 4 do 12. Pojedina~ni primerci su
vrlo krupni, kao na primer dva desna dowa mola-
ra iz Jerinine pe}ine (bb1 i bb2)(sl. 10n–o), ili
dva gorwa leva (BAR II 97/9/9 i 97/26/2) i jedan
gorwi desni premolar (BAR 97/12/2) iz Baranice.
Pleistocenski ostaci ki~mewaka Crne Gore
poznati su iz svega nekoliko pe}inskih lokalite-
ta (DIMITRIJEVI], 1997c), i predstavqeni su ve-
}inom samo ostacima pe}inskog medveda, ali su
relativno brojni i raznovrsni u naslagama potka-
pina, kao {to su Crvena Stijena (BENAC, 1975),
Odmut u dolini Pive (SREJOVI], 1977), Mali{ina i
Medena Stijena u kawonu ]ehotine (RADOVANO-
VI], 1986; MIHAILOVI], 1996) i Treba~ki Kr{ u do-
lini Lima (DJURI^I], 1996).
U Medenoj Stijeni prona|en je jedan dowi de-
sni premolar i fragment metakarpusa u sloju sa
artefaktima ranog epigravetijena (DIMITRIJEVI],
1996). Oba nalaza odgovaraju kowima sredwe krup-
nog rasta. U Crvenoj Stijeni relativno brojni
ostaci kowa prona|eni su u slojevima XX–XXV, za
koje se navodi starost kasni Ris –?Amersfort in-
terstadijal, odnosno posledwi interglacijal (BRUN-
NACKER, 1975). Po veli~ini, zubi odgovaraju pri-
mercima iz Risova~e, Jerinine pe}ine i Barani-
ce (tabela 4). Na fenogramu, konstruisanom na
bazi mera 10 gorwih jugalnih zuba, ove vrednosti se
grupi{u zajedno (sl. 12). 
Kao i drugde u Evropi, i na centralnom Bal-
kanu fosilni nalazi ukazuju da kabaloidni kowi
nestaju krajem pleistocena. Wih nema ni u ranim
holocenskim faunama Srbije, dok je predstavik
stenonidne linije, Equus hydruntinus REGALIA, pre-
`iveo lokalno sve do neolita (BÖKÖNYI, 1984).
Prisustvo ove vrste u gorwem pleistocenu od
ranije je poznato iz Risova~e (RAKOVEC, 1965, FOR-
STEN & DIMITRIJEVI], 1995). Kao i u Risova~i, koeg-
zistencija ove vrste sa mnogo krupnijim, kabalo-
idnim kowem karakteri{e i Baranicu, Jerininu
i Ravani~ku pe}inu (sl. 12). Sli~nost se oglada i
u malom broju nalaza ostataka Equus hydruntinus u
odnosu na nalaze kabaloidnih kowa. Morfologija
zuba je karakteristi~na, mada pojedina~ni nalazi
mogu da budu sli~ni malim, odnosno vrlo istro-
{enim zubima kabaloidnog kowa. Protokon je
kratak, ali mo`e biti anteriorno izvu~en (“pe-
ta”), naro~ito na molarima. Dowi premolari i
molari imaju tipi~nu stenonidnu morfologiju, sa
lingvalnim `qebom u obliku slova “V”, nagla{e-
nim naborom protostilida, i uglavnom dubokim
ektofleksidom.
Daqa istorija pokazuje jo{ jednu promenu u za-
stupqenosti kowa kabaloidne i stenonidne raz-
vojne linije. Posledwi predstavnik stenonidnih
kowa, E. hydruntinus, izumire u neolitu (BÖKÖNYI,
1974), dok se ve} u eneolitu ponovo pojavquju ka-
baloidni kowi, ovoga puta kao pripitomqena vr-
sta, Equus caballus.
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